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Abstract -- The Vegetation Index can be derived from top-of-
atmosphcrc  red and near-infrared radiances assuming no prior
knowledge of atmospheric properties, when the. observations
are made at a number of different view zenith angles. The
analysis is a fast, simple regression procedure involving only
the radiance mcwmrcrnents  and no radiative transfer
modclling.  The technique is insensitive to aerosol optical
properties such as optical depth and phase function shape.
Instruments which routinely make multi-angle observations
(e.g,, the airborne ASAS and EOS-AM1  spacecraft MISR)
can benefit from the use of Uris technique.

INTRODUCTION

l’hc Norrnatizcd Difference Vegetation Index (NDW),
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is~;rgood  indicator of vegetation cover, 1 Icre, Ly~rf  and
LR are the surface-leaving radiances in the near-infiarcd
and red spectral bands, respectively, chosen because of the
strong chlorophyll a~~~ tion shortwards of 0.7 pm. Thus, for

Pdc~~r vegetation LR gcncrafly  will be much smaller than
L7IR and the NDV1 will bc CIOSC to unity. In addition to its
usc as an indicator of vegetation, the NDVI is also sensitive to
variations in atmospheric C02 concentration [1], rainfall
amount in semi-arid regions [2], and amount of canopy
photosynthesis [3]. Clearly, global  monitoring of NDVI, using
satellite radiance measurements, plays an important role in the
remote sensing of the biosphere. Because this particulru
vegetation index is formed as a radiance ratio, it is relatively
insensitive to radiomefric  calibration errors, but satellite
radiance mcasurcrncnts  in the red and near-infrared also are
contarninalcd  by atmospheric effects, particulrwly  aerosol
scattering. For satellite observations of a vegetated area the
red band radiance at the top of the atmosphere 00A) will be
larger than its surface-leaving counterpart, due to additional
components of multiple scattered radiation occurring within
Ihc atmosphere. The countcrac[ing effect of a decrease in the
surface-leaving radiance component due to attenuation is
relatively small, In (IIC near-infrared, however, the TOA

radiance is generally sirdar  in value to its surface-leaving
eotmtcfiart  because the additional multiple seattcred  radiation
component is more closely balanced in value by the
attenuated surface-leaving radiance component. Thus, the
NDW,  computed using the TOA radiances can be
considerably smaller for a densely vegetated area than the
corresponding NDVI  computed using the surface-leaving
radiances. Since the atmospheric properties are not generally
known, correction of the measurements from currently flying
satellites for atmospheric effects is, at best imprecise. There
have beetl attempts to create new vegetation indices which are
more atmosphere insensitive [4, 5], but so far they are still in a
state of limited acceptance and usage.

It is shown in this study that the NDVI,  as defined in (1) for
red and near-infrared surface-leaving radiances, can also be
derived flom TOA red and near-infrared radiances, rwmming
no prior knowledge of atmospheric propcrlics,  if the TOA
observations are made al a number of different view zenith
angles. 1 ‘reserving this standard definition for vegetation
index, in contrast to the newer, atmosphere-insensitive
vegetation indices mentioned above, allows some historical
continuity to be achieved.
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lle TOA radiance 14 at wavelength X can bc written as
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where p and w arc the cosines of the view and Sun zenith
angles and @-$. is the view azimuthal angle with respect to
the Sun position. The convention + and w is used for
upwelling  and downwc~lj~~ radiation, respcctivcl  y. On the
right-hand-side of (2) LA is the radiance field scattered by
the atmosphere to space without interacting with the surface
(i.e., the pathx~diancc), ZX is the optical depth of the
atmosphere, Lk is the surface-leaving radiance, and Ta is



the upw,ard rliffrrsc  transmiUancc.  lIqualion(2)  ckscr’ibcs the
relationship bctwcm~Urhc TOA radiance LA and the srrrfacc-
lcaving radiance LA .

In a mathematically formal sense, it can bc shown (e.g.,
through the method of successive orders of scat(cring) that,

lim L~”” + O (3)
l/p-+o

lim ‘Tz --+ O (4)
l/p–+o

and, thcrcforc,

l i m  Lx+ l i m  L~rf.
l/p–>o l/p->o

Using (5), we then can rc-express (1) as
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(6)

where the surface-leaving radiances arc replaced by TOA
radiances,

Since v is physically restricted to values lCSS than or equal to
unity (V = 1 implies a nadir view), there  can bc no physical
mcasurcmcnt of NDV1  (or LL) corresponding to 1 /p=O. It is,
however, possible (and practical) to extrapolate the measured
NDV1 to its hypcr-value at l/p=O. IZxprcssion  (6) implies that
the NDVI derived from ‘1’OA radiances have the same h ypcr-
valuc  as tlmsc derived from surface-leaving radiances. Thus,
the hypcr-value of iVl~VI (i .c., iVDVI a! 1 @= O), obk?incd from
TOA radiances, is bmicalty indcpcndcnt  of the atmrrsphcric
condition including aerosol properties.
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Example 1: Wc first consider a lambcrtian  surface with a
rcflcctancc  of 0.03 in the rcd band and 0.7 in the near-infrared
band. “Ilis results in a Nl)t’f = 0.918 which is indcpcndcnt of
view angle, llus, the hypcr-value of NDW is also 0.918. The
TOA radiances associated with  this lambcrtian  surface were
computed using a multiple scattering, discrete ordinate,
radiative transfer code [6] and included both Raylcigh  and
aerosol sca[tcring.  ‘1’hc computations were performed
assuming rcd and near-infrared wavelengths of 0,670 and
0.865 pm, rcspcctivcly,  and nine viewing zenith angles (0°,
i-26, 10, f.45.6°, f.60.0°, and t 70.50), symmetrically placed
about the nadir in a single nadir-azimuth angle plane. These
spectral bands and viewing geometry are instrument
characteristics of the Multi-angle Imaging SpcctroRadiomctcr
(MISll)  to bc flown on the liOS-AM 1 platform. The aerosol

was spccilicd to bc a waler soluble type with phase functiol)
asymmcti-y  parameters g~ = 0.628 and gI~ = 0.609 and single
scat(cring  albcdos  Gjk = ~1~ = 1,0. ‘1’hrcc a~~~sol amounts
were considcrcd,  spccificd  by optical dcptfls  ZR of 0.1, 0.25,
and 0.5. The solar ~cnith angle and the azimuth angle
difference between the Sun position and the forward-looking
views WC] c set at 45°and 330°, rcspcctivc]y.  I~ig. 1 shows [he
resulting angle-dependent Nf)VI, cornputcd  using (6) with the
“rOA radiance, plotted as a funclion of 1/}1 for the three
aerosol amounts, Also shown arc the Nl~Vl, compulcd using
(6) with the surface-leaving radiances, and the hypcr-vatue
NDW at 0.918. I.incar regression anal yscs of the three aerosol
datasets  to obtain the hypcr-value NDV1 (the y-axis intercept)
would produce good estimates of the true hypcr-value.

Example 2: ‘1’hc next surface type is a pine forest canopy,
using actual field  lncawrcmcnts  [7] to define {he surface
directions I rcflcctancc  properties. The dircctioual  rellcctancc
has the characteristic bowl-shape appearance for forest
canopies (weakly reflecting in the nadir view and increasing
rctlectancc  with increasing off-nadir viewing). ‘l’his bowl-
shapc also is more. pronounce.d in the red than in the inlm-rcd
band. The same Sun and viewing gcomctrics  and atmospheric
conditions as for the previous example were also used here.
Fig, 2 is sirnilm to l~ig. 1, showing the angular variation of the
NDVI of the TOA radiances for the three aerosol amourm  and
the NDV1 of the surface-leaving radiances. l’hc hyper-value
NDVi is about 0.83, based on the NI~Vl c)f the surface-leaving
radiances, A good estimate of the hypcr-value from the NDVf
based on the TOA radialiccs  again could be accomplished
with a linear regression analysis.
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Fig. 1. View angle variation of N1)VI for
vcgctatiol 1 cover.
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Fig. 2. View angle variation of NDVI for a pine forest canopy.

SUMMARY

The view angle variation of NDW, as derived from TOA
radiances, can provide a means for estimating the NDW at the
surface (i .c., an atmospheric corrceled index). No atmospheric
profxxlics  need to be known and radiative transfer modelling
is not required. Results using simulated data suggest that a
simple regression analysis of the angle-dcpcndcnt TOA NDVI
is sufticicnt  to retrieve a measure of the surface NDVI  (the
hypcr-value).
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